This paper brings in a new design, namely, voltage mode differentiator with an active element, Carbon Nanotube Field Effect Transistors Voltage Difference Transconductance Amplifier (CNVDTA). The circuit thus proposed needs one Carbon Nanotube Field Effect Transistors Voltage Difference Transconductance Amplifier (CNVDTA) element and a single capacitor. While fabricating IC's in VLSI design, the proposed circuit proves more adaptable and applicable with the anticipated results.
INTRODUCTION
The present day circuits so designed, have a fundamental obligation to trace back their accurate triggering, as otherwise, it might prove disastrous. At times, it could also claim the life of a human being provided the right course of action is not initiated on time to set the trigger in the right path. However, the designers have to counteract innumerable problems or challenges in the trade at the time of implementation of the circuited design or multipurpose nature of applications, regardless of its trigger circuits of CRO's, Wave shaping circuits, Power control circuits, etc. [1] . The Moore's law pre-supposes that the number of transistors integrated would get doubled within a span of a period of two years. Hence, various efforts have been made to bring down the size of circuits and also make them withstand the traceable faults like cross talk, noise, etc. Apart from the above, there are other setbacks relevant to the issues which remain unresolved while at the time of initial testing [1, 2] . These setbacks are found complicated and more difficult for easy detection and hence the researchers are more prudent on identification and rectification of these type of issues [2, 3] .
*Address correspondence to this author at the Department of Electronics and Communication Engineering, Birla Institute of Technology, BIT-Mesra, Jaipur Center-302017, India; Tel: +91-894-906-9849 (or) +91-7357230363; E-mails: avirenibhargav@gmail.com; avirenibhargav@ieee.org Various components have also made their appearance in the market to execute a prominent role through their participation in designing a circuit and among them, the differentiator/wave shaping is the commonly used component and as it is mostly preferred by the designers [4, 5] . With the help of this design, various other trigger circuits of CRO's, wave shaping circuits, power controlled circuits can also be designed. Differentiators/ integrators are extensively used in VLSI design and hence the use of differentiator/integrator is the right choice for the designers while designing a circuit using CNTFET [6] . The CNVDTA based differentiator has been proven to be very useful for triggering the mono-shots, Silicon Controlled Rectifier (SCR), Insulated-Gate Bipolar Transistor (IGBT), Gate Turn Off (GTO) Thyristor, sweep voltage of CRT, etc. [7, 8] .
Carbon Nano Tube is considered an allotrope of carbon, available in a cylindrical structure ( Fig. 1) . It is either Single-Walled (SWCNT) or Multi-Walled (MWCNT) [9] (Fig. 2) . Looking into the SWCNT, it is a single sheet rolled up cylindrically with a vector C = n 1 a + n 2 b, where n 1, n 2 are positive integers and highlighting the Chirality of the tube, where, 'a' and 'b' refer to the lattice unit vectors as shown in (Fig. 3) . Based on the value of n 1 and n 2 , SWCNT ought to have either metallic or a semiconductor property [6, 9] . Further, if n 1 -n 2 is a multiple of 3, the SWCNT might display metallic properties or else, it is obvious that it might display semiconductor property. The SWCNT can be classified into Armchair CNT (n 1 = n 2 = n), Zigzag CNT (n 1 = n, n 2 = 0) and Chiral CNT (n 1 ≠ n 2 , and n 1, n 2 ≠ 0). In the above case, the Armchair CNT acts as a conductor, while Zigzag and Chiral CNT's do perform as a semiconductor. The role of a conductor is based on the differences emanated in indices (therefore n 1 -n 2 ), in case n 1 -n 2 are not equal to the factor of 3. This can also be used as semiconductor in CNFET [10, 11] . The threshold voltage, thus expressed is found tallied with half of the band gap of CNFET, see Eq. 1 )
The expressions that appear in (1) shall be read as E bg , the band gap of CNFET, e for electron charge, D CNT for thickness of the CNT which is given by D CNT = C/π. Eq. 2 The electrons are aligned parallel to the atomic plane for the carbon allotrope wherein they exist in an ordered array [12, 13] . The movement of these electrons is limited as a consequence of structural alignment, which only allows movement along the tube axis. Hence, only carrier electrons flow in the direction of current flow, referred to as ultra elastic scattering mean-free-path [13, 14] . Highly mobile electrons typically move in the range of 10 3 10 4 cm 2 /Vs as observed during experiments with transistors [14] . Few studies suggest that this mobility can be of the order of 10 4 cm 2 /Vs for CNT. While comparing the mobility of CNT with that of Copper, it is found that the difference is exponential defying other factors [15] . Hence, CNT is increasingly becoming the right choice for the needs of future electronic consumer products.
The next possible technology selection could be Graphene Nanoribbon Transistor (GNT). It uses a single sheet of carbon atoms, where atoms are placed in a 2-D honeycomb lattice that acts as a channel. Fig. (4) shows the schematic view of GNT. Graphene as channel provides very high mobility, in the range of 15,000 cm 2 /V-S, enables fast switching. Single layered thin body profile makes it fit for electrostatic scaling, and also provides an excellent sheet for thermal conductivity [16] . As a result, GNT is capable of delivering 100x to 1000x better performance over Si-MOSFET [17] . The main challenge faced by this device is the comparatively low I ON /I OFF ratio (~7), which results in power hungry integrated circuit while trying to fit in billions of GNT on a single chip [18] [19] [20] .
Further, this paper is organized in such a way that Section. 2 reads with background of Carbon Nano Tube Field Effect Transistor Voltage Difference Transconductance Amplifier (CNVDTA), Section. 3 deals with the implementation of proposed differentiator using CNVDTA and Section 4 provides the simulation results respectively. Finally, in Section 5 the conclusion is drawn. 
HISTORICAL BACKGROUND OF CARBON NANO TUBE FIELD EFFECT TRANSISTOR BASED VOLT-AGE DIFFERENCE TRANSCONDUCTANCE AM-PLIFIER (CNVDTA)
The CNFET classification can be attributed based on carbon nano-tube count. In CNFET, each carbon nano-tube substitutes for a channel unlike MOSFET, where in, the entire silicon assumes the position of a channel. The mobility in n and p type of CNFET is the same and both carry the same driving current. However, the properties of current and voltage mode in respect of CNFET and MOSFET remain the same in both cases. It is also a 4 terminal device, similar to MOSFET.
In the operational point of view, CNFET can be brought under two categories. The first one being Schottky Barrier and the other MOSFET model of CNFET as shown in Fig.  (5a and b) . The voltage difference transconductance amplifier with MOSFETs has been verified through an experiment devised by Biolek [21] . The VDTA is a significant feature of the block. It carries the voltage difference unit provided with a bi-functionary output transconductance amplifier. The VDTA is thus fabricated so as to withstand different odds from variable input voltages. It is controlled by a source of current. It is possessed by a multi-faceted output transconductance amplifier. It is easily accessible and can also be adaptable and utilized either through voltage mode or current mode. The VDTA promotes two distinct values of g m . It can retain a gracious feature while comparing with its counterpart active elements. The value of g m for this element can be made use of and it can also be tuned electronically by variable bias currents. In view of carrying such specific properties, the VDTA has been treated as the most favored element in use for various applications. Some of the applications include filters, oscillators, simulation of inductors and capacitors which use one VDTA block taking the help of capacitors [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] . Some of the current mode devices are furnished below. They include Current Conveyors (CC) [34] [35] [36] [37] , Operational Transconductance Amplifier [38] [39] [40] , and Operational Transresistance Amplifier (OTRA) [41] [42] [43] . It also includes Differential Difference Current Conveyor Transconductance Amplifier (DDCCTA) [44] , Current Differentiating Transconductance Amplifier (CDTA) [45, 46] , Current Through Transconductance Amplifier (CTTA) [47] Current Feedback Operational Amplifier (CFOA) [48] [49] [50] [51] , Differential Difference Current Conveyor (DVCC) [52] , Multiple Output Current Through Transconductance Amplifier (MO-CTTA) [53] , and Second Generation Differential Current Conveyor (DCCII) [54, 55] . This paper has proposed a new design, namely, voltage mode differentiator with an active element CNVDTA without a resistor. It is also seen that the ports of CNVDTA carry higher impedance value so as to design differential and floating input circuits. The CNTFETs device level circuit diagram of CNVDTA and its symbol are shown in (Fig. 6 and Fig. 7) respectively. Fig. (6) . Internal structure of CNVDTA element. Fig. (7) . CNVDTA symbol.
The comparative functionalities of the input/output port of the device can be summarized in the form of a matrix given as under: The notations g m1 and g mO represent the first and second transconductance gains of CNVDTA. The process involves that in the case of carbon nano-tube voltage difference transconductance amplifier, the variable voltage is distributed among the input ports and transformed into current at the intermediate port (Z) by transconductance gain by g m1 . Thereafter, the voltage retreat presented at the output port (Z) is transformed into current at the output terminals by second transconductance gain g mO . Therefore, the transconductances of g m1 and g mO respectively are called Arbel-Goldminz Transconductance [48] . The same can be expressed in the following equations 2 & 3: where, g mk is the k th CNFET transconductance in the CNVDTA:
where k = 1, 2, 3,... 8; I bk is the k th transistor bias current; µ k is carrier-mobility for the k th transistor (k =NCNTFET or PCNTFET).
PROPOSED DIFFERENTIATOR CIRCUIT USING CNVDTA
The proposed differentiator circuit utilizing a single CNVDTA element and a capacitor is shown in Fig. (8) . In this circuit, the input signal is drawn through a capacitor to the inverting input (n) terminal, whereas, the output is realized from the X-terminal. A feedback path is instituted from Z terminal to the inverting input (n) terminal so as to keep the voltages at these terminals to record equal distribution. However, the non-inverting input terminal (p) as well as X+ terminals are connected to the ground. Fig. (8) . Proposed CNVDTA differentiator circuit.
In the present context, an input square signal is applied to the inverting input (n) terminal through a capacitor. The transfer function of voltage for the circuit can be achieved using the following equation (5) given below:
From equation (5), the time constant (τ) and unity gain frequency (ω c ) can be achieved through the following equation (6):
SIMULATION RESULTS
The details of the circuit explained and shown in (Fig. 8) were simulated with 32 nm CNFET technology using Cadence virtuoso CAD tool at a supply voltage of ±0.9 V, threshold V th = 0.289 V, Chirality vector (19, 0) with biasing current of 150 µA (I b1 =I b2 =I b3 =I b4 ). The CNFET parameters, their values and descriptions are provided in (Fig. 6 ) and shown in ( Table 1) . For this purpose, an input square wave of amplitude ±0.9 V and at a frequency of 250 Hz was applied to the circuit. The transfer characteristics of CNVDTA element are reflected in (Fig. 9) . The output is checked with three constants at variable values of the capacitor. The measured input/output waveforms are verified at different values of the capacitor plots and are found mostly tallied with the experimental results.
The circuit so proposed was simulated by applying square wave frequency of 250 Hz at a supply voltage of ±0.9 V and test checked by selecting C = 10 nF, C = 50 nF and C = 200 nF, for obtaining three time constants. The relevant input/ output waveforms are furnished in (Figs. 10, 11 and  12) , respectively.
Further, the differentiator thus obtained is found suitable in low power applications as such. The behavioral pattern of Fig. (9) . Simulated DC transfer characteristic of CNVDTA. Fig. (10) . Short time constant, C=10 nF. Fig. (11) . Medium time constant, C=50 nF. Fig. (13) . Monte Carlo noise analysis. Fig. (14) . Histogram of the proposed circuit. Fig. (15) . Simulated temperature stability of Fig. (8) .
complex circuits can be examined by adopting Monte Carlo analysis. This can be executed to check and verify the systems which work mainly based on several parameters, such as, mismatch combination combined with variations in the process. This, in turn also includes the length of the doped CNT-Source side extension region, doped CNT-Drain side extension region, the Fermi level of the dopes S/D tube, the dielectric constant of high-k top gate dielectric material and its thickness. During the process of simulation, the results are recorded every time by utilizing the random values/samples of the predicted functions. The Monte Carlo noise analysis and histogram results have been displayed in Figs. (13 & 14) , respectively.
TEMPERATURE STABILITY ANALYSIS
The simulated temperature stability of CNVDTA Differentiator is 0.0000005% as shown in (Fig. 15) . Table 2 provides information with regard to the proposed circuit to that of conventional differentiator circuits and their comparison of performance as represented in the literature.
CONCLUSION
In the current research article, an improvised differentiator circuit utilizing one CNVDTA and a single capacitor have been proposed. The differentiator so devised used only one single capacitor with no resistor. In the absence of a resistor, the fabrication of IC's in VLSI design is made easy, and the simulation results proved advantageous with excellent stability and major amount of noise. It has been noticed that the theoretical results are found tallied with simulation results. Further, it has been found feasible that the proposed CNVDTA differentiator is helpful in trigger circuit among CRO's wave shaping circuits, mono-shots, Silicon Controlled Rectifier (SCR), Insulated-Gate Bipolar Transistor (IGBT), Gate Turn Off (GTO) Thyristor, power control circuits and also in the detection of high frequency components imbibed in the input signal. It is therefore concluded that this circuit can be operated widely in many application areas, such as timing circuits, power system controlled circuits and in instrumentation devices and so on. 
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